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PREFACE
The main goal of this work is to show the possibility of an utilization of the genetic algorithms to the data modeling when the uorescence depolarization technique (see, for example, Refs. [1, 2] ) is used to investigate the structure of the ordered system. The special emphasis is laid on the modiˇcation of the GA, which leads to better adaptation of this optimization method to this particular purpose.
The uorescence probes embedded in the ordered system may provide information about their surround because their rotational mobility and distribution are affected by the molecules of the hosting matrix. The angle-and time-resolved measurements of the polarized uorescence can be arranged in order to yield the data set consisting of several uorescence decays [3] , number of which depends on the experimenter.
In search of the quantitative description of the system, we are to minimize the χ 2 (u) merit function, which is deˇned as follows:
where ν is the number of degrees of freedom, the index i runs over the channels of the instrument and the index c runs over the independent decays. I c m (i) is the measured number of counts in the ith channel and I c l (i, u) is the same quantity, but calculated according to the assumed model and to the vector of the model parameters denoted as u. The particular choice and number of these parameters depend on the physical model involved. The potential restricted angular diffusion model is very useful and applied along this work.
GENETIC ALGORITHMS Å A VERY BRIEF OVERVIEW
The genetics algorithm is a method of optimization that mimics the process of the natural selection. Firstly introduced by J. H. Holland in Ref. [4] , the GA treats the set of the model parameters as a genotype. The values of the parameters constitute a particular individual and the value of the optimized function describes itsˇtness. The population of the individuals evolves in order toˇnd theˇttest individual. There are mechanisms of the natural evolution, such as cross-over and mutation, which serve to obtain improved values of parameters, applied to the population of the individuals. A detailed description of the GA is beyond the scope of this work, and can be found in numerous publications, see, for example, Refs. [5, 6] . The GA is mentioned as a global algorithm, i.e., at its start it needs only information about the ranges of the sought values of the parameters. It is a great advantage in comparison with a local (e.g., gradient-expansion) algorithm, whose convergence is very sensible to the choice of an initial guess. From the point of view of the numerical calculations, an another advantage of the GA is that it does not need the values of the derivatives of the optimized function.
To obtain the result presented in this work, the PIKAIA [7] implementation of the GA was used. This implementation is known by a decimal way of encoding the parameters values.
THE GA SUPPORTED BY OTHER ALGORITHMS
Aside from the above-mentioned advantages, the GA has also several drawbacks. In some cases, the information that provide the derivatives of the minimized function is very easily accessible, and it can simplify considerably the search of the minimum. The plain GA does not utilize this possibility at all. The other aw is that close to theˇnal stage of the search, the GA is likely to move around the wanted minimum point in the parameter space. This can be eliminated by an application of some algorithm performing a local search, which makes use of the GA result as of the starting point. The latter modiˇcation gives rise to the so-called hybrid approach [7] .
Let us expatiate on theˇrst point. The formula for the uorescence intensity decays can be partitioned in the following manner:
where A c are the positively valued constants andĨ c l (i,ũ) are functions that are positively valued in the whole of their domain. Each functionĨ c l (i,ũ) depends on the set of parameters u, which does not include A c . The idea is to calculate ®the best¯A c having someˇxed values ofũ, by means of equating theˇrst partial derivative of the merit function (1) to zero, ∂χ 2 (ũ, A c )/∂A c = 0, which is very simple due to the fact that χ 2 (u) is quadratic in A c and leads to the following expression usable to calculate A c [3] :
From the physical point of view, the amplitudes A c are related to incidence conditions, a measurement geometry and a quantum yield of the uorescence probes, but not to the investigated structure of the ordered system, quantiˇed in the values ofũ. In fact, this line of conduct is equivalent to scaling the uorescence decays, or in other words, to state that the uorescence decay with very different amplitude A c , but obtained for the similar parameters u, is better than that of similar amplitude but differentũ, as depicted in theˇgure below.
The results of the scaling. The data set includesˇve uorescence decays of different polarization. The dashed line curves are the calculated decays. a) The intensities that are distant from the modeled ones only due to different amplitudes; b) the intensities related to different values ofũ but with similar values of Ac; c), d) the calculated intensities after applying the scaling. In panel c theˇtted curves are covered by the modeled decays Now, the improved values of A c can be used to calculate the revised values of the uorescence intensity that, in turn, become the subject of the further optimization.
The whole operation schematizes as follows: 1. Takeũ old from the previous step of the GA and assume some values of A c , say 1. Use the values of the calculated uorescence intensity as the guidelines for the GA operations, in order to obtain new set of parametersũ,ũ new .
Calculate new
5. Setũ old =ũ new and go to 1.
APPLICATION OF THE GA TO ANALYZE THE POLARIZED FLUORESCENCE DECAYS
In order to model the results of the uorescence depolarization measurements in the uniaxially oriented media we use the restricted rotational diffusion model. It describes Brownian rotational movements of the probes in uenced by their surroundings, which give rise to the depolarization of the emitted light. In this formalism [8] , the conditional probability distribution function p(Ω 0 , 0 | Ω, t) ofˇnding the molecule at time t > 0 in the angular position Ω, if at time t = 0 its position is Ω 0 , is the solution to the equation of motion deˇned by the time-independent time-development operatorĤ = The asymmetry of the rotator is assumed, so we must take into account that the three diagonal elements of the diffusion tensor are independent of each other and that the potential expansion coefˇcients u jn with n = 0 appear. The whole set of the model parameters is given in theˇrst column of the table. In the second column the parameters values used to obtain the synthetic data set are listed. The third column contains the best result of the nine runs of the GA. Each run comprises a population of a hundred of individuals evolving through 1200 generations. The result of each run served as a start point for the Marquadt method. The recovered values of parameters are listed in the fourth column. The best solution of the local searching algorithm origins from the starting point provided by the best result of the GA. The local search procedure introduced some modiˇcations to the parameters values, clearly visible in the case of the elements of the diffusion tensor. At last, the maximum errors estimations ũ i are collected in theˇfth column.
DISCUSSION
By means of the presented algorithm the necessity of calculating the expected values of A c is eliminated from the main loop of the GA. The advantage is twofold. First, the rate of convergence increases. Second, the number of measured uorescence decays, which the number of A c is up to, depends on the experimenter's needs and demands. It can vary due to the number of different chosen directions of the uorescence polarization or to the number of the time windows. Hence, varies the dimensionality of the parameter space. The application of the presented algorithm makes the GA searched subspace of the parameter space dependent only on the number of the physical model parameters.
